Neuroimaging studies have shown that these regions are necessary to distinguish self-and othergenerated actions and motor representations (Decety et al., 2002; Farrer & Frith, 2002; Farrer et al., 2003; Leube et al., 2003) , to shift one's cognitive (Ruby & Decety, 2001 and visual perspective (Aichhorn et al., 2005) , and to support mentalizing in 'theory of mind' (ToM) tasks . The median wall (including the precuneus) has also consistently been associated with tasks requiring self-referential processing (Northoff & Bermpohl, 2004) . Supporting this hypothesis, a recent neuroimaging study found considerable overlap of activations in mPFC and TPJ between the control of imitative behaviour and social cognitive functions, such as mentalizing, agency statements and self-referential processing . This data thus suggests that 1) the inhibition of imitative behaviour is a special case of response inhibition, which does not 5 primarily share neural regions and its implemented functional mechanisms with more general response inhibition mechanisms, and 2) the control of imitation draws on regions (mPFC / TPJ) and computational mechanisms implicated in higher-level social cognitive processing (e.g. Frith & Frith, 2006a ). This includes recognizing others' perspectives and separating the perspectives of self and others, an ability which is also required in spatial perspective-taking, and has been related to the TPJ.
Moreover, it involves the building and maintaining of intentions and intentionality subserved by the mPFC. In the context of the imitation-inhibition task, but only in incongruent trials where the observed movement does not match the intended movement, these functions are needed to form and reinforce an internal intention against the imitative response tendency (mPFC) and to detect deviations of the observed behaviour from the motor intention (TPJ). Hence, both processes, the management and control of shared representations and the understanding of other people's mental states, require the ability to distinguish one's own mental representation from the other person's representation. We therefore assume that common functions underlie the control of imitation and tasks involving abilities such as mentalizing, perspective-taking (spatial as well as mental) or empathic responses. This would provide a novel link between two hitherto opposing theoretical views on social cognition (e.g. Keysers and Gazzola, 2007) , by assuming that the control of mirror system functions ('simulation account') relies on key computations of mentalizing and self-other distinction ('theory of mind account').
The present study was designed to investigate the relationship between the inhibition of automatic, motor mimicry and tasks involving aspects of higher-level social cognitive processing, such as perspective-taking, in the visual and cognitive domain, second-order representation of mental states and agency processing. As previously acquired information about the neural correlates on the inhibition of imitation was used to derive our hypotheses , we sought to combine these neuroimaging results with behavioural data from a lesion study. Neuropsychological studies often yield additional or sometimes even different results than fMRI studies and can also 6 provide further information about the necessity of sub-processes or areas for a particular cognitive function (e.g. Baird et al., 2006; Fellows & Farah, 2005; Swick & Turken, 2002) . To address the first aim of the study, we used a correlational approach to investigate whether the control of imitation is functionally associated with aspects of social cognition. A group of neuropsychological patients with lesions either in the frontal cortex or around the temporo-parietal junction were investigated. Both regions have been found to be involved in the attribution of mental states, as well as during self-other distinction, and perspective taking. The TPJ was found to be involved not only in mental, but also spatial perspective-taking (e.g. Aichhorn et al., 2005) . Patients thus completed the imitationinhibition task, a ToM task, empathy questionnaires (including a scale on cognitive perspectivetaking) and a visual perspective-taking paradigm. Specifically, we predicted for the frontal group that impaired performance in the imitation-inhibition task should be associated with impaired performance in the ToM task. For the temporo-parietal group, it was expected that deficits in the control of imitative behaviour should also be accompanied by decreased performance in mentalizing, as well as spatial and cognitive perspective-taking. Furthermore, the influence of possible moderating variables on these correlations was examined to ascertain their impact on the correlations and to elucidate the role of executive functions.
Methods

Participants
A total of 28 patients with acquired focal lesions of various etiologies were included in the study (see Appendix). Etiologies included traumatic brain injury (TBI), tumors, cerebrovascular etiology and infections. Patients were divided in a group with frontal lesions (n =15) and a group of patients with lesions around the temporal-parietal junction (TPJ) (n = 13). The two patient groups were recruited from a database of the Day Clinic of Cognitive Neurology, which they had attended for rehabilitation purposes. They were assigned to the groups by an experienced neurologist (D. Y. 7 C.) according to their MRI/ CT scan. For the frontal group, lesions were included if a selective lesion in the frontal cortex was present (either lateral or medial part), but not in the temporal or parietal cortex. Some lesions also included the basal ganglia and the insula. In the temporo-parietal group, lesions had to include primarily the TPJ region, but no lesions should be present in the frontal cortex.
Further, only patients with an age between 18 and 70 years were included, and participants with sedative medication and a history of alcohol or drug abuse were excluded. Based on a prior neuropsychological examination patients were included in the study if they had no severe neuropsychological deficits (aphasia, neglect, amnesia, agnosia, severe attentional or motor deficits) and possessed the ability to understand the instructions. At the time of testing all patients were at least 6 months post injury (mean 6.2 years, SD = 4.4 years) to ensure that all patients were in a chronic stage, where no extreme changes in performance can be expected. The control group was individually matched (on the basis of age, sex, education) to the patient groups (n = 28) and had no history of neurological or psychiatric diseases. They were recruited from a database at the Max Planck Institute.
Demographic characteristics of the three groups are shown in the in Table 1 . No significant differences were detected between the three groups for age, sex, education level, and premorbid IQ (one-way ANOVA, for all comparisons p > 0.4), and gender (chi 2 test, p > 0.5). From the control group one participant was not included in the sample as his error rate in the visual perspective-taking task was five standard deviations above the mean of the control group. In the patient sample, all participants completed the imitation-inhibition task, the Theory of Mind task and the questionnaires.
For the remaining tests three frontal patients refused to take part in some of these tests, including the Stroop test, the visual perspective-taking task and the Wisconsin Card Sorting Test. Three participants from the temporo-parietal lesion group were not able to perform the visual perspectivetaking task and two did not perform the Stroop task. The study was approved by the University of Leipzig local ethical committee and all participants gave their informed consent in compliance with the Declaration of Helsinki. Lehrl, 1999) , a German equivalent of the National Adult Reading Test (Nelson & Willison, 1991) . Nonverbal, fluid intelligence was obtained with a subscale (LPS-3) from a German intelligence scale (Leistungsprüfsystem, Horn, 1983) , which was designed to measure logical reasoning. Basic neuropsychological data was available for most patients on further executive functions tests. This included the Wisconsin Card Sorting Test (Grant & Berg, 1948) or its modified version (Nelson, 1976) assessing mental flexibility and response inhibition (only for the frontal lesion group). When designing the study it was deliberately chosen not to re-administer the WCST, as in previous studies the test-retest reliability of the WCST yielded low coefficients (e.g. Bowden et al., 1998 ).
Imitation-inhibition task. In this task (Brass et al., 2000 (Brass et al., , 2003 participants had to lift their index or middle finger in response to a number (1: index finger, 2: middle finger), while watching video sequences of a hand, which mirrored the hand of the subjects. The task consisted of three different conditions (Fig. 1 ). In the baseline condition only the number was presented while the hand on the screen remained motionless. In the congruent condition the corresponding finger on the screen was lifted simultaneously with presentation of the digit (e.g., the index finger was lifted when 1 was presented). In the incongruent condition the noncorresponding finger was lifted (e.g., the 9 middle finger was lifted when 1 was presented (Happe et al., 1999) . The stories include themes of double bluff, white lie, persuasion or being tactful. Each passage was read aloud to the participants while a copy of the story was placed in front of them to read the story themselves. This procedure was chosen to account for reading or visual problems of some patients and to assure they understood the story. Participants were encouraged to absorb as much information as possible, as they were not allowed to refer back to the passage once they had seen the question. After the participants felt they remembered the details and understood the story the sheet was turned over to reveal a question. This question asked about the protagonists' thoughts and feelings and remained in front of the subjects during their response. Responses were recorded, transcribed and rated by two independent raters according to the standardised rating scheme developed by Happe et al. (1999) . Answers were scored with two points if they gave a full and explicit account, one point for an implicit or partial response and no points for incorrect answers (examples of the stories and the rating criteria can be found in Happe et al., 1999) .
In addition, the number of verbs referring to a mental state (e.g. think, know) were counted.
Interrater-reliability was high between the first author and a co-rater blind to group and all aspects of the experiment (intraclass correlation coefficient = 0.89).
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Empathy questionnaires. Two different self-report questionnaires were used to assess empathy and its key sub-components, such as perspective-taking abilities. The Interpersonal Reactivity Index (IRI, Davis, 1983 ) was chosen to assess cognitive and affective components of empathic ability, as empathy has been considered as a multidimensional construct by different researchers (e.g. Davis, 1983) . The scale consists of four seven item subscales. These assess cognitive perspective-taking and fantasy, representing the cognitive aspects of . It also includes an empathic concern subscale, tapping affective facets of empathy. A fourth scale measuring personal distress was not analysed further, as it is not always considered as a core component of empathy and was found to be negatively correlated with perspective-taking (Davis, 1980) . A German version of this questionnaire was used (Saarbrückener Personlichkeitsfragebogen, Paulus, 2004) , yielding high reliability coefficients, which were comparable to the original english version. To ensure that the participants understood the items and the rating scale, all items including a negation were rephrased with simpler sentences with no negative formulation, as a pilot study showed that patients had problems to comprehend the more complicated negation. In addition, each item was read out to the participants and help was provided if problems occurred with the rating scale. Furthermore, a subscale measuring ideomotor empathy was used (Enz et al., 2004) . This 8-item scale assesses, additionally to cognitive aspects of empathy ("As a child I was good at playing scissor, stone, paper.", "I am good at predicting peoples'
behaviour."), also ideomotor aspects of empathy ("When I see someone dancing, I also want to dance".). Unfortunately, three participants were not familiar with the 'paper, scissor, stone game', therefore could not provide an answer to this questions and were excluded in the analysis.
Visual perspective-taking task.
To test the ability for visuo-spatial perspective-taking, participants had to perform a modified version of a task, which required a egocentric perspective transformation (Zacks et al., 2002) , that is an imagined change of one's own orientation and position to map one's spatial frame of reference onto that of another person. In this computerized task participants had to make judgements about colour drawings of a human body with each picture 11 showing a figure facing the viewer and outstretching one arm (either away from the body or folded over the chest). The orientation of the body could vary in 30 degree steps from 0 to 180 degrees (clockwise or anti-clockwise from upright) while each of the seven possible orientations occurred equally often. Participants had to perform two tasks in response to these stimuli, which were blocked (a pilot study showed that switching between task on each trial was found too difficult), and their order was counterbalanced. In the control task (side condition) subjects had to judge on which side of the monitor the outstretched arm occurred (from their point of view) and respond by pressing a button either with the right of left index finger. This task was chosen to control for perception of human bodies and left-right decisions. In the experimental condition (hand condition) participants reported whether the body's left or right arm was extended from the figure's point of view with a left or right button press, respectively. In each trial the stimulus was displayed for maximal duration of 3000ms. During trials a blank screen was presented for 1200 ms. In total 112 trials were presented for each condition divided into two blocks. For the arm task all possible combinations of pose,
extended arm and orientation were tested twice and, in order to also obtain equal numbers of the seven orientations, pictures with orientations of 0 and 180 degrees were tested twice. For the side task only orientations, which unambiguously allowed a classification of the arm being on the left or right side of the monitor were used. Twelve practice trials were presented for each of the conditions.
Previous studies have shown that the presentation of bodies with a spatial judgement relative to the pictured body spontaneously elicited imagined egocentric perspective-transformations of the viewer to solve the task, indexed by behavioural data and introspective reports (Parsons, 1987; Zacks & Tversky, 2005) . Additionally, it was chosen to instruct the participants explicitly to perform such a spatial perspective transformation. Before the experimental condition participants were instructed to answer the questions by "imaging yourself in the position of the figure on the screen" and to clarify the instructions participants had to physically demonstrate the imagined transformation to be performed with two test trials.
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Stroop task. A computerized, manual version of the Stroop task was used to assess the inhibition of overlearned response tendencies (Brass et al., 2003 . This version allowed us to assess reaction times in addition to errors and to use a version of the Stroop task which was similar to the imitation-inhibition task. Stimuli in the colours red, green, blue, or yellow were presented in the middle of the computer screen. In the baseline condition XXXX was presented on the screen coloured in one of the four possible colours. In the congruent condition color words were presented in their matching color (e.g., RED in red). In the incongruent condition colour words were presented in the nonmatching colour (e.g., RED in blue). Thus, there were four possible response alternatives and four response buttons corresponded to one of the colours used in this task. Participants had to respond by pressing the response button which matched the colour of the stimulus presented with their middle or index finger of the left or right hand. To minimize working memory load, we presented a two-letter abbreviation of the colour words in the position of the respective response button below the stimuli.
Each trial started with the presentation a blank screen for 1000ms. After presentation of a fixation cross for 200 ms, the item and the abbreviations of the colours were presented for a maximal duration of 3000 ms. Afterwards a short feedback on the correctness of the response was displayed on the screen for 500ms. The Stroop task started with a 20-trial practice phase. Afterwards three blocks of 36 experimental trials followed.
Statistical Analysis
All statistical analyses were performed with SPSS (Version 15.0). None of the variables, except for errors in the Stroop task, showed a significant difference from a normal distribution using the one-sample Kolmogorov-Smirnoff test (p > 0.05). As small sample sizes (N = 10-15) in the patient groups were obtained, non-parametric tests were used, if not other specified. Furthermore, the majority of the dependent variables had an ordinal metric scale (interval data: e.g. reaction times, errors; ordinal data: e.g. variables with Likert scale items). Thus, correlations between the imitationinhibition task and the experimental tasks (ToM task, empathy questionnaires, visual perspective-13 taking task) were computed using Spearman's rho correlations. A Bonferroni correction 1 was applied to adjust the significance level (one-tailed for the main comparisons (imitation-inhibition task & social cognitive tasks) with prediction), to account for multiple comparisons (i.e. correlations) between the dependent variables of imitation-inhibition task and each of the experimental tests, separately for each group. To investigate the influence of possible confounding variables on these correlations, partial correlations (uncorrected, one-tailed), as implemented in SPSS, were computed.
All other, not predicted correlations were two-tailed and uncorrected. Raw scores were used for the analysis, except for the two IQ measures (MWT, LPS 3), where IQ scores were used, and the Wisconsin Card Sorting Test, or its modified version, using percentiles. Due to small group numbers no subgroups (e.g. lesion side) were analyzed within the patient groups.
Results
Correlations between the Imitation-Inhibition Task and the Social Cognitive Tasks
To test the hypothesis of a functional relationship between the inhibition of imitation and social cognitive abilities, correlations between those variables, for each of the main groups (frontal lesion patients, temporo-parietal patients, control group), were computed. It was hypothesised that decreased performance in the imitation-inhibition task, indicated by a higher interference score (in reaction times or errors), should be accompanied by impaired performance on the other tasks, for example more errors or lower scores. Therefore, negative correlations were expected for variables, where lower performance would lead to lower scores (ToM task, empathy questionnaires), but positive correlations for variables, which indicated decreased performance by higher values (e.g.
errors or RTs in the visual perspective-taking task).
Theory of Mind. In the frontal lesion group a highly significant correlation (r(13)= -.75, p < 0.01, Bonferroni corrected, effect size: Cohen's d = 2.2) between the imitation-inhibition task and the accuracy score in the mentalizing condition of the advanced Theory of Mind task was found (Table   14 2, Fig. 2 , top row). Patients with a high interference score displayed decreased performance on the ToM task. Confirming this result, the second dependent variable of the ToM task, number of used mental state verbs, correlated significantly with the interference score (RTs) of the imitationinhibition task as well (r(13) = -.62, p < 0.05, d = 1.5). The control condition (physical stories)
showed a trend to a significant correlation with the imitation-inhibition task, but failed to reach significance on the corrected alpha level. No significant correlations could be found in the temporoparietal lesion group in the ToM task. Like the frontal group, participants of the control group showed a significant correlation between the imitation-inhibition task (RTs interference score) and the accuracy score of the ToM condition as well (r(25) = -.38, p < 0.05, uncorrected for multiple comparisons, d = 0.8). However, this correlation was smaller than for the frontal group (p < 0.1), and the correlation in the frontal group was significantly larger than in the temporo-parietal group (p < 0.01).
Empathy. Correlations between the subscales of the empathy questionnaires and the imitationinhibition task showed a highly significant, negative relationship in the temporo-parietal lesion group (Table 3) . Patients with lesions around the TPJ area with a high interference effect in the imitationinhibition task displayed lower scores on the cognitive perspective-taking scale of the IRI ( 
Additional Analyses
The data clearly support the hypothesis of a functional relationship between the imitationinhibition task and the experimental measures. However, it is important to ascertain that these bivariate correlations are not just due to outliers, which may artificially inflate a correlation, especially in small groups and in special populations. Two commonly used procedures (Cook's Distance metric and leverage values) were used to test the assumption whether correlations were influenced disproportionately by individual subjects. Conventionally, it is stated that for Cook's
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Distance metric values > 1 should be considered as statistical outliers, whereas for the leverage statistic 0.5 is taken as the cutoff. In the visual-perspective taking task only one participant in the temporo-parietal group and one participant in the control group showed higher values and were excluded from the analysis in this task. Further, one participant of the control group show a higher value for the partial correlation of the ToM task (see below) and was therefore excluded. None of the data points of the remaining, above-reported correlations between the imitation-inhibition task and the experimental task showed a value greater than 0.34 (for both measures) and most data points had values smaller than 0.1. Therefore, the above-reported, significant correlations are not caused by statistical outliers.Furthermore, as one rationale for the use of brain-damaged patients was due to the assumed, higher variance of this group, the variances of the patient and control group were compared.
Confirming this idea, in all task patients showed a higher variance and, most crucially, in the two dependent variables of the imitation-inhibition task this difference was significant (Levene's test for equality of variances, p < 0.05).
Influence of Possible Moderating Variables on Correlations
To assess the possible moderating effect of additional variables on the foregoing, significant correlations between the imitation-inhibition task and social cognitive and visual perspective-taking tasks, partial correlations with different variables, were computed.
Firstly, demographic variables (age, education), premorbid IQ/ fluid intelligence and time since lesion were controlled for in a partial correlation between the variable of the imitationinhibition task and the dependent variables of the experimental tasks, which already yielded significant correlations as reported in the last paragraph. All correlations remained significant (p < .05, uncorr.) after controlling for those variables.
Secondly, it seemed important to control also for the performance of the control condition (physical stories) of the ToM task, when looking at the correlation with the imitation-inhibition task in the frontal group. Even after entering the physical condition as a control variable in a partial 17 correlation the relationship between the ToM condition and the interference score was still significant (r(13) = -.605, p < 0.05, uncorr., d = 1.5). This finding was replicated in the control group and the correlation even increased after accounting for the physical control condition (r(25) = -.475, p < 0.01, uncorr., d = 1.0). Figure 3 illustrates this relationship and provides evidence for our idea, that subprocesses, attributable to mentalizing abilities, are shared with the ability to control automatic imitation.
In a third step the effect of tasks measuring different aspects of executive functions, namely cognitive flexibility (WCST), working memory (backwards span) and interference control (Stroop), were investigated. Consistent with a previous study with frontal lesion patients (Brass et al., 2003) , 
Discussion
Recent evidence from neuroimaging studies showed that the inhibition of imitative behaviour and social cognitive abilities yielded overlapping activation in the medial prefrontal lobes and the temporo-parietal junction. Based on these findings we hypothesized that higher order social cognitive abilities, such as mentalizing, self-referential processing and awareness of agency, are 18 based on basic functional mechanisms that are also needed to distinguish competing motor representations. The aim of the present study was to test this functional relationship in patients with frontal and temporo-parietal lesions. Our results strongly indicate that the ability to inhibit automatic imitative responses is associated with mentalizing performance and with the ability to identify different perspectives in the spatial and mental domain. As predicted, our data additionally show a differential correlational pattern for the frontal and temporo-parietal lesion group, respectively.
Furthermore, a similar correlational pattern was also observed in healthy adults. Moreover, these correlative patterns could not be explained by a broad range of possible moderator variables, including also executive functions.
Functional Associations between Imitative Control and Social Cognition
Evidence from recent neuroimaging studies on the control of imitative behaviour and other studies on social cognition show that very similar activation foci of those two concepts were evoked in the mPFC and the TPJ Gilbert et al., 2006; , supporting the sharing of functional mechanisms. It was therefore hypothesized that functional mechanisms needed to distinguish competing motor representations of actions are also required in higher-level social cognitive processes.
The fronto-median wall has been associated in recent studies with subserving a crucial role in social cognitive processes, such as mentalizing and self-referential processing (Amodio & Frith, 2006) . Mentalizing includes meta-cognitive representations needed when attending to our own mental states as well as the mental states of others (Frith & Frith, 2003) . Similarly, in hierarchical models on lateral PFC functions the anterior prefrontal cortex (aPFC) is thought to mediate domain-general, meta-control processes, needed to integrate or resolve occurring conflicts between different cognitive sub-processes (Christoff & Gabrieli, 2000; Koechlin et al., 2003; Ramnani & Owen, 2004) .
Furthermore, the mPFC is associated with non-automatic cognitive processes, which have to be self-19 initiated and -guided, reflecting the intentional aspects of theses processes (Damasio, 1999; Devinsky et al., 1995) .
Crucially, sub-processes of these complex functions may be related to the suppression of motor mimicry. Deficits in such a relevant meta-cognitive capacity might also affect the building of representations concerning one's own motor intentions. This suggests that deficits in this metacognitive capacity might affect the building of representations concerning one's own intentions, as well as the attribution of intentions or beliefs to others. Consistent with this view, it was found that in the frontal lesion group impaired mentalizing ability was associated with decreased performance in controlling imitative behaviour, reflecting the impaired building of such abstract representations.
Unfortunately, our patient data did not allow a more fine-grained functional-neuroanatomical specification of this relationship. Correlations were found in a group of patients, which had lesions in the medial, as well as in the lateral part of the frontal cortex. In the literatue there is a clear inconsistency between findings on mentalizing from brain imaging and neuropsychology. While neuroimaging results seem to suggest that the fronto-median wall is the critical region in mentalizing tasks, several lesions studies have revealed that also damage to the lateral PFC can cause impairments in ToM tasks (e.g. Griffin et al., 2006; Happe et al., 1999) and that bilateral damage to the mPFC does not necessarily impair mentalizing (Bird et al., 2004) . One likely explanation for these findings might be that the aPFC operates as a functional system, which might also depend on the integrity of other prefrontal regions in the lateral prefrontal cortex (Shaw et al., 2005) .
Another region which has been found previous neuroimaging studies on the control of imitative behavior and in studies investigating mental and spatial perspective-taking, is the TPJ region (Frith & Frith, 2003; Samson et al., 2004; Saxe, 2006) . This which would suggest again that similar functions are needed in both sets of tasks, such as the ability for differentiation of self-and other-related representations in the mental or spatial domain. This idea is supported by the finding that in the group with lesions around the TPJ region, the ability to inhibit imitative responses was 20 correlated with self-reported, cognitive perspective-taking skills and the ability to adopt different visual perspectives.
First, this is consistent with findings on cognitive perspective-taking and sense of agency. A series of studies on motor and mental perspective-taking yielded consistently activations of the TPJ, reflecting the need to distinguish the self and other-person perspective (Ruby & Decety, 2001 .
Furthermore, studies investigating the sense of agency, i.e. the feeling that actions are caused by oneself, and can be distinguished from externally caused events (Gallagher, 2000) , have also found activations of the TPJ region (e.g. Farrer & Frith, 2002; Leube et al., 2003) . The ability to adopt another perspective might therefore crucially depend on the realisation that different perspectives exist, with the self-perspective being one possible perspective among other, and the separation of these perspectives (Frith, 2007; Ruby & Decety, 2003) . In line with this view, a recent fMRI study showed that the degree of self-other overlap was negatively correlated with activity in the inferior parietal lobe during a social perception task (Lawrence et al., 2006) . Importantly, the behavioural data revealed that less self-other overlap, indexing an increased ability for self-other differentiation, resulted in improved accuracy during the social perception task. This suggests that there is an optimal level of self-other overlap and that a complete blurring of self-and other-perspective might be disadvantageous . The capacity for self-other differentiation therefore could be a key component of cognitive perspective-taking and the control of imitative responses. This functional mechanism might underlie behavioural performance in both tasks, perspective-taking and imitative control, by attributing of either thoughts or action related signals to the correct agent (Decety & Grezes, 2006) . Second, recent imaging studies on visual perspective-taking, that is a translocation of an egocentric viewpoint, have also activated the TPJ region Zacks, et al., 1999 Zacks, et al., , 2003 . It is assumed that the TPJ creates representations of one's body according to inputs from the environment through the integration of multimodal signals. This allows the monitoring of the correspondence of these signals and therefore contributes to the feeling of agency, or self-other 21 distinction (Blanke & Arzy, 2005; Farrer & Frith, 2002) . Similarly, controlling imitative behaviour requires relating one's own body configuration to the observed body movement to assess the selfagency. Thus, underlying this ability and spatial perspective-taking might be a multisensory, bodyrelated mechanism for agency, (spatial) perspectivity and self-unity.
Crucially in this context is that the TPJ region has not only been associated with self-other distinction, which might contribute as a low-level process to the ability to represent and decouple others' mental states (Frith & Frith, 2003) , but it has also been proposed that this site is specifically involved in ToM processing (Samson et al., 2004; Perner et al., 2006; Saxe & Wexler, 2005) . This view would suggest that in the temporo-parietal group the ability to mentalize should also be correlated with the inhibition of imitation. Although no significant correlation was found between these two measures in the first analysis, a closer inspection of the data revealed that this correlation was concealed by three outliers, which showed lesions only to the left TPJ area and were also found to have mild to medium impairments in language comprehension in a previous neuropsychological assessment. When excluding those outliers, a negative correlation (imitation-inhibition task (RTs) and Tom accuracy score, r(9)=-.55, p = .09, mental state verbs, r(9) = -.50, p =.013, uncorrected)
evolved. It might be therefore possible that the decreased performance of those patients was in fact caused by language comprehension deficits which might have affected the ToM task and the imitation-inhibition task unproportionally.
Using an Associative Approach to Investigate Cognitive Functions
One potential methodological caveat of the present study might be that we aimed at finding associations between tasks rather then dissociations. Looking for dissociations rather than associations is the more common procedure in neuropsychological studies (Shallice, 1988) . Artificial associations between tasks may arise by a lesion affecting two functional systems, which are localised in close proximity to each other in the brain. Although, the present study only included patients with focal lesions, confined to one lobe, it is still possible that two functional regions were 22 affected by these lesions. Nevertheless, an associative approach is justified in the present case, because the hypothesis for this patient study was derived from brain imaging data that suggested a functional overlap of the inhibition of imitative behaviour and social cognitive skills. Furthermore, we provided additional empirical data that is not consistent with the idea that the correlation in the patient group might be due to a lesion overlap in non-relevant brain areas. It was tested whether the general pattern of results in the patient group can be replicated in the control group. In principle, the hypothesis of shared sub-processes between tasks holds also true for a normal population, as it makes general assumptions on underlying elementary mechanisms. Therefore, the same hypothesis can be investigated with a normal sample, but is hampered by the fact that the variation in this group might be too small to find reliable associations between tasks. However, if in a normal population the same association can be found as in a lesion group, this association then cannot rely on concurrent damage to two functional systems, but is likely to occur, because two tasks share common functions. Similar to the frontal group, the control group in the present study also showed a significant correlation between the performance of the ToM task and the imitation-inhibition task, although, as expected, to a lesser extent. Furthermore, the influence of possible moderator variables was carefully controlled.
Shared Motoric Representations and Higher-Level Social Cognition: an Integrative Approach
In conclusion, our findings strengthen the idea, derived from neuroimaging, that controlling automatic, motor representations draws onto key sub-processes needed in higher-level social cognition . Recently, it has been argued recently that shared motoric representations underlie action understanding and social cognition (Rizzolatti & Craighero, 2004) .
Although this mirror-matching mechanism may be an underlying part of empathy and mentalizing, it might provide only an essential basis for more advanced mind-reading abilities (Frith & Frith, 2006b ). The emergence of mature mind-reading abilities may rely on the ability to build up different representations of self and other and to distinguish those, needed, for example, when attributing mental states which are different from own beliefs in the false belief task or distinguishing between 23 being imitated from imitating another person (Chaminade et al., 2005; Hurley, 2005) . These specific mechanisms are thus rather related to the control of shared representations than to sharing representations per se (Brass & Spengler, 2008; Brass et al., 2009; Decety & Grezes, 2006; Frith & Frith, 2006b ). Consequently, this functional description of the cognitive processes implicated in mentalizing overlaps with our conceptualization of the inhibition of mimicry behaviour. The inhibition of imitative behaviour can be understood as a prime example for assigning agency and exerting control over the shared representational system. Constitutive functional mechanisms, developed to distinguish self and other in the motor domain, might have subsequently generalized to more abstract representations such as mental states and might thus be conceptualised as elementary precursors for more evolved social cognitive functions . In this sense, our findings allow to integrate two hitherto mutually exclusive positions on the origin of mind reading, by linking shared representations and mentalizing through the mechanisms involved in the control of shared representations. This interpretation allows a novel integrative view on embodied and social cognitive functions (see also Keysers & Gazzola, 2006) and opens up new perspectives for the investigation and conceptualization of these functions during development and adulthood. 
